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INTRODUCTION 


Previous  container  cushioning  research  reports  [1-9],  prepared 

under  the  M1C0M  container  cushioning  research  effort,  have  been  concerned 
with: 

1)  the  acquisition  of  an  experimental  data  base  for  selected 
individual  bulk  cushioning  materials  over  a  wide  range  of 
temperatures . 

2)  the  development  of  a  statistically  significant  paratollc- 
logrithmic  equation  for  a  specific  set  of  conditions. 

3)  the  development  of  confidence  intervals  and  prediction  limits 
for  selected  temperature  sensitive  bulk  cushioning  materials. 

4)  the  validation  of  generalized  bulk  cushioning  models  for 
selected  temperature  sensitive  bulk  cushioning  materials. 

5)  the  development  of  computerized  models  for  selected  tempera¬ 
ture  sensitive  bulk  cushioning  materials. 

6)  the  development  of  HP- 98 1 5 A  desk-top  calculator  models  for 
selected  temperature  sensitive  bulk  cushlonlnq  materials. 

This  research  report  extends  the  previous  work  to  equal  thickness  com¬ 
binations  of  selected  bulk  cushioning  materials.  In  this  report,  a  com¬ 
bination  or  composite  of  materials  refers  to  Identical  thicknesses  of  two 
different  bulk  cushioning  materials  being  utilized  as  the  cushioning  system. 
Instead  of  only  one  cushioning  material. 

The  logic  behind  the  Investigation  of  a  two  material  cushioning  sys¬ 
tem  Is  related  to  the  physical  properties  of  the  material.  Certain  bulk 
cushioning  materials  provide  excellent  shock  mitigation  at  low  static  stress 
levels  (.03  -  .8  psl),  while  others  do  likewise  at  high  static  stress  levels 
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(>  1.0  psi).  Similarly,  some  bulk  cushioning  materials  provide  superior 
cushions  at  low  temperatures  ( -65 0 F  to  -?0°F),  while  others  possess  good 
cushioning  ability  at  high  temperatures  (  1 00 0 F  to  160°F).  Thus,  it  be¬ 
comes  clear  that  if  a  judicious  choice  of  bulk  cushioning  materials  is 
made,  the  best  properties  of  each  material  will  be  capitalized  upon.  Per¬ 
haps  a  cushioning  system  superior  to  either  individual  cushion  will  be 
identified. 

Consequently,  three  sets  of  bulk  cushioning  material  were  selected  for 
experimental  purposes.  The  bulk  cushioning  materials  selected  had  been 
modeled  previously  as  individual  cushioning  systems.  It  was  felt  that  pre¬ 
viously  modeled  bulk  cushioning  materials  might  be  more  productive  in  com¬ 
bination,  since  individual  cushioning  models  could  be  compared  prior  to  ma¬ 
terial  selection. 

The  first  combination  selected  consisted  of  a  41/ft. 1  density  polyester 
type  polyurethane  foam  (Urester  4)  for  one  material,  and  a  2*/ ft.’  density 
cross-linked  polyethylene  foam  (Mini cel )  for  the  second  material.  The  second 
material  combination  selected  was  a  4#/ft.’  density  linear  polyethylene  foam 
known  as  DOW  Ethafoam  (Etha  4),  utilized  in  combination  with  the  Minicel  ma¬ 
terial  identified  in  the  first  combination.  The  third  and  final  combination 
consisted  of  like  thicknesses  of  two  DOW  Ethafoam  materials,  a  ?#/ft.’ 
density  linear  polyethylene  foam  known  as  Etha  ?,  and  a  4#/ f t . *  density 
linear  polyethylene  foam  known  as  Etha  4. 

The  data  acquisition  structure  was  similar  to  that  identified  in  UAH 
Research  Report  Ho.  159  or  MICOM  Report  No.  Rl-CR-75-1,  Volume  III,  entitled 
“Temperature  Sensitive  Dynamic  Cushioning  Function  Development  and  Validation 
for  Polyester  and  Polyether  Type  Polyurethane  Foam."  The  temperature  levels 
considered  were  -65flF,  -?0*F,  ?0°F.  70°F,  llO'F,  and  160°F. 


The  procedures  utilized  in  the  analysis  of  the  experimental  data  have 
been  previously  documented  in  UAH  Research  Report  No.  159,  or  MICOM  Report 
No.  RL-CR-75-1,  Volume  I,  entitled  "Temperature  Sensitive  Dynamic  Cushioning 
Function  Development  and  Validation  for  Hercules  Minicel  Thermoplastic  Foam." 

The  validation  of  the  developed  composite  models  follows  the  procedures 
documented  in  MICOM  Report  No.  Rl-CR-76-7,  Volume  1,  entitled  "Validation  of 
Generalized  Cushioning  Models  for  Selected  Temperature  Sensitive  Cushioning 
Materials. " 

This  report  is  divided  into  three  basic  sections;  the  first  section  pre¬ 
sents  the  results  of  the  Urester  4  and  Minicel  combination  cushioning  system; 
the  second  section  concentrates  on  the  Etha  4  and  Minicel  cushioning  system 
combination,  the  third  and  final  section  presents  the  results  of  the  Etha  2 
and  Etha  4  cushioning  system  combination.  All  three  sections  contain 
appropriate  composite  dynamic  cushioning  functions,  composite  function 
F-statistics,  generalized  models,  and  a  discussion  of  validation  statistics. 
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SECTION  I 


POLYESTER  TYPE  POLYURETHANE/CROSS-LINKED  POLYETHYLENE 
Urester  4( 4*/ f t .  ’ ) /Mi ni col  (2#/ft.*) 


analysis 


The  composite  dynamic  cushiomnq  functions  for  the  Urester  4  ♦  Minicel 
material  combination  are  given  in  Tables  1  through  4  for  drop  heights  of  12, 
18,  24.  and  30  inches,  respectively.  Table  S  presents  the  F-statistic  values 
for  the  various  experimental  conditions.  It  is  noted  that  the  developed 
functions  are  statistically  significant  for  all  experimental  conditions  ex¬ 
cept  seven.  Four  of  these  remaining  seven  equations  are  very  close  to  the 
critical  value  of  F.  Hence,  a  slight  relaxation  of  the  i  level  would  cause 
these  four  equations  to  be  significant. 

Table  6  presents  the  developed  general  model  for  the  Urester  4  ♦  Minicel 
material  combination.  The  model  consists  of  a  constant  term  and  three  inde¬ 
pendent  variables.  The  container  cushiomnq  system  designer  may  substitute 
the  independent  variable  values  directly  into  the  model  given  in  Table  6.  It 
is  necessary  to  adjust  temperature  utilizing  and  '  *  psi  (100) 

in  the  provided  model 

Fifty-five  different  combinations  of  drop  heiqht,  temperature,  and  cush¬ 
ion  thickness  were  evaluated.  Twenty-eiqht  of  these  combinations  could  not 
achieve  the  criteria  established  for  model  validation  (i  *  .10  and  minimum 
IDCC  G-level  value  bounded  by  ♦  1.0  psi.).  However,  it  is  noted  that  in  18 
of  the  cases,  a  very  small  number  of  static  stress  values  were  outside  of  the 
prediction  limit  range.  These  static  stress  values  were  at  the  lower  end  of 
the  experimental  test  scale.  It  would  be  a  rare  instance  in  which  such  a 
low  static  stress  level  would  be  encountered  in  a  cushioning  system  design. 
Consequently,  these  18  cases  are  not  considered  to  be  of  a  significant  nature 
with  regard  to  validation  of  the  Urester  4  ♦  Minicel  composite  model.  The  ten 
remaining  cases  are  a  cause  for  concern  in  this  model,  indicating  that  this 
material  combination  in  this  configuration  may  not  be  as  useful  as  other  com¬ 
posite  materials.  The  cushion  system  designer  should  utilize  caution  in  the 
application  of  this  composite  material  configuration. 


Compos  1  te  lynar-n  cushioning 
functions  for  I.  drop  height 
for  Lire  *  or  4  •  Minice!  . 


T at>  1  •  7.  Comrositi  >!d;n  cushioning 
functions  for  !8M  dro(  height 
for  Urostot  4  ♦  Minice1 


SICKNESS  I  TE^EM*  'RE 


/IS  Iff*  RVE  Es  A"  N 


3  ♦  j“ 


144  4 

- 

176.44  .nx  ♦ 

17.59  ( 

•nx  1 

711.59 

- 

97  07  ;n»  ♦ 

11.51  { 

.  n » 

760.61 

- 

1 76  1  ?  ,m  ♦ 

17.64 

nx 

?05.90 

- 

100  ’1  nx  * 

14.43  ( 

.  n  i 

180.19 

- 

91.09  n  x  . 

13.67  ( 

.  n « 

307  03 

- 

107  88  i n  x  ♦ 

9. 85  T 

i  n  x 

176  99 

- 

50  57  ;n*  ♦ 

5.71  l 

nx ) 

1 27  44 

- 

6f  71  ,  n  *  • 

7.03  ( 

n» 

98.6  7 

- 

4 ,  0 .  ;  n  x  * 

6. 39  ( 

nx 

108.71 

- 

60  67  .nx  ♦ 

6.83  { 

nx 

'■  Yt 

- 

95.37  In*  - 

8.49  { 

n  x 

95.68 

- 

34  97  n*  * 

3.6?  ( 

nx 

68.  6.3 

- 

77.89  .nx  ♦ 

3.40  ( 

,  n  x 

64  39 

- 

20.22  in*  * 

7.44 

'nx 

6  7.08 

- 

79  53  r.,  » 

3. 83  [ 

'rx 

NOTE:  «  •  IX  * 


Table  3  Composite  dynjric  cushioning 
functions  for  ?4"  drop  hpight 
for  Urester  4  ♦  Minlcel- 


THICKNESS  , 

- -  ■  —  -  -  ' 

TEMPEWTURE 

DESIGN  CURVE  EQUATION 

1 

-20* 

y  *  484 . 71  -  198.19  tn*  ♦  ?1.73(Tn*): 

2Q3 

y  •  303. S 7  -  146  97  in*  *  19.60  (inx)3 

r  *  r 
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3  60  s 
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3  60* 
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NOTE:  *  •  100  * 
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Compos  it  e  dynamic  cushioning 
functions  for  !  drop  height 
for  Urester  4  «  Minicel. 
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Table  b.  Quadratic  (xilynomial  regression 

F-statistics  for  Ureste-  4  ♦  Mimcel. 


cr  1  tu  a  1 


3.0;  Outlier  t  *  1  6b 


Table  6.  Urester  4  ♦  Minicel  Composite  Model. 


CROSS- L I NKiO  POLYETHYLENE /POLYESTER  TYPE  POLYURETHANE 
Minicel  (2#/ f t  ’J/Urester  4(4#/ft. ’) 
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ANALYSIS 

The  composite  dynamic  cushioning  functions  for  the  Mlnlcel  ♦  Urester  4 
material  combination  are  given  In  Tables  7  through  10  for  drop  heights  of  12, 
18,  24,  and  30  Inches,  respectively.  Table  11  presents  the  F-statlstlc  values 
for  the  various  experimental  conditions.  It  is  noted  that  the  developed 
functions  are  stati stlcal ly  significant  for  all  experimental  conditions  except 
fourteen.  Four  of  these  remaining  fourteen  equations  are  very  close  to  the 
critical  value  of  F.  Hence,  a  slight  relaxation  uf  the  a  level  would  cause 
these  four  equations  to  be  significant. 

Table  12  presents  the  developed  general  model  for  the  Ninlcel  ♦  Urester  4 
material  combination.  The  model  consists  of  a  constant  term  and  20  independent 
variables.  The  container  cushioning  system  designer  may  substitute  the  in¬ 
dependent  variable  values  directly  into  the  model  given  in  Table  12.  It  is 

Or  |  arm 

necessary  to  adjust  temperature  utilizing  e  *  —  and  »  psi  (100)  in 

the  provided  model. 

Sixty  different  combinations  of  drop  height,  temperature,  and  cushion 
thickness  were  evaluated.  Nine  of  these  combinations  could  not  achieve  the 
criteria  established  for  model  validation  (ci  •  .10  and  minimum  IDCC  G-level 
value  bounded  by  ♦  1.0  psi).  However,  It  Is  noted  that  in  six  of  the  nine 
cases,  two  or  less  static  stress  values  were  outside  of  the  prediction  limit 
range.  These  static  stress  values  are  at  the  lower  end  of  the  experimental 
test  scale.  It  would  be  a  rare  instance  In  which  such  a  low  static  stress 
level  would  be  encountered  in  a  cushioning  system  design.  Consequently ,  these 
six  cases  are  not  considered  to  be  of  a  significant  nature  with  regard  to 
validation  of  the  Ninlcel  ♦  Urester  4  composite  model. 
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Table  8.  Composite  dynamic  cushioning 
functions  tor  18"  drop  height 
for  Minict*!  ♦  Urester  4. 


THICKNESS 

TEMPERATURE 

DESI 

GN  CURVf 

EQUATION 

— 

j 

-20* 

y 

a 

341  .24 

128.68 

nx 

♦ 

13.25 

( in* )  * 

y 

a 

238.94  - 

109.22 

.  nx 

4- 

14.11 

( cnx;: 

1"  ♦  1  * 

70 5 

y 

a 

26  3.  16  - 

136.43 

.  n* 

♦ 

19.40 

(inx) 2 

1  10* 

y 

a 

215.40  - 

111.08 

;n« 

♦ 

16.29 

(inx)2 

1 603 

y 

a 

189.76  - 

96.60 

»  p  X 

♦ 

14.67 

( inx)2 

-20J 

y 

a 

349.24  - 

128.29 

in* 

♦ 

12.22 

( tnxT5 

20° 

y 

a 

89.93  - 

31.90 

:  n* 

4- 

3.56 

( tnx ) 2 

2-  ♦  2- 

70‘ 

y 

a 

123. 6S  - 

55.  79 

inx 

♦ 

7.15 

( inx) 2 

noJ 

y 

a 

102.4  3  - 

45.  73 

i  n  x 

♦ 

6.02 

(inx) ; 

_ 

y 

a 

89.32  - 

40.80 

•  nx 

♦ 

5.69 

(inx)5 

-20 

y 

a 

245  81  - 

88.52 

in  x 

♦ 

7.99 

(  inx): 

20’ 

y 

a 

84  36  - 

30.25 

i  n  x 

4- 

3.  15 

( inx)- 

3“  *  3“ 

70* 

y 

a 

66.58  - 

23. 25 

1  nx 

4 

3.00 

( inx); 

no5 

y 

a 

56 .  76  - 

22.66 

nx 

4 

2.86 

( inx) 2 

160 5 

y 

a 

(.4  30  - 

27.56 

»  nx 

♦ 

3.57 

(  inx ) 2 

NOTE:  *  •  100  * 


Table  10.  Composite  dynamic  cushioning 
functions  for  30"  drop  height 
for  Minicel  ♦  Urester  4. 


DESIGN  CURVE  ECUATION 


466. 16 
4? 1 .67 
411.82 
310.66 


197.31  i.nx 
217.74  cnx 
227.90  ,nx 
173.33  ;nx 


373. 73 

-  214.67 

.'nx 

♦ 

374. 73 

-  144732- 

Inx 

169.25 

-  76.61 

inx 

♦ 

201.94 

-  101.50 

inx 

♦ 

189.82 

-  99.36 

inx 

*■ 

171.02 

-  88.11 

inx 

349T5T' 

-  131 .69 

inx 

♦ 

119.07 

-  49.99 

inx 

♦ 

108.29 

-  51.08 

inx 

♦ 

94.19 

-  43.24 

inx 

♦ 

106.73  -  51.92 


22.98 

30.56 

34.48 

27.95 

34.53 

T4~.~6CT 

10.02 

14.07 

14.32 

12.91 

12.87 

6.02 

7.01 

5.97 

7.34 


(  Cnx) 
( inx ) 

inx) 
.  nx ) 
•nx) 
{ <‘nx) 
( inx) 
'  Inx) 
( inx) 
( Cnx ) 
( inx) 
( inx ) 
( inx) 
;  Inx ) 
( ^nx ) 


NOTE:  x  •  100  x 


Table  11.  Quadratic  polynomial  regression 

F-stat i sties  for  Mtnicel  ♦  Urester  4. 


Critical  30*  0ut,'<>r  1  ‘  K66 


TEMPERATURE  ( 


-203 


20s 


70s 


110’ 


160s 


’F) 


THICKNESS 


r  ♦  i" 
2 "  ♦  2" 
3"  „  y. 


*  r 
2"  ♦  2“ 
3"  *  3“ 


1“  ♦  1“ 
2"  ♦  2“ 
3-  ♦  r 


1“  ♦  r 
2"  ♦  2" 
3“  ♦  3" 


1"  ♦  1" 
2”  ♦  2* 
3"  ♦  3" 


12" 

11.99 
1 . 55* 
7.64 


2.00* 
3.96 
7.  78 


7.48 

2.21* 

1.67* 


5.85 

2.91* 

2.8S* 


12.30 

7.20 

2.42* 


Drop  Height 


18" 


24" 


4.02 

42.43 

11.88 


5.39 

4.81 

15.18 


4.09 

1.41* 

4.57 


6. 38 
1.47* 

3.40 


6.58 

5.02 

1.29* 


9.18 

3.33 

2.41* 


7.00 
6. 30 
3.00 


4.16 

6.87 

2.81* 


7.47 

7.60 

6.81 


9.  38 
8.71 
6.90 


30" 

6.74 

63.67 

27.80 


4.80 

2.66* 

3.89 


6.06 

4.94 

2.80* 


3.43 

3.R4 

3.23 


3.27 

6.68 

8.48 


*  Not  Significant  at  •  0.10 
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Table  1?. 


Minicel  ♦  Urester  4  Composite  Model. 


Variable 

Coefficient 

t"  ' 

T-*t  ( tn  os ) , 

( tn  i 

0 

2204.5884 

1 

1 

0.0 

X 

X 

0 

C 

0.0 

X 

X 

X 

3 

0.0 

X 

x 

X 

4 

73.252522 

X 

* 

X 

s 

-39.010025 

X 

X 

X  X 

6 

-4.5392164 

X 

X 

X 

X 

7 

5.1754836 

X 

* 

X 

8 

-1 . 3005991 

X 

X 

X 

X 

9 

0.0 

X 

* 

X 

X 

10 

0.0 

X 

1 

X 

11 

0.0 

X 

X 

X 

12 

0.0 

X 

X 

X 

1  3 

0.0 

X 

X 

14 

0.0 

* 

X  X 

15 

3.6620029 

X 

X 

X 

X 

16 

0.0 

X 

X 

17 

0.0 

x 

X 

X 

X 

18 

0.0 

X 

X 

X 

X 

19 

0.0 

X 

X 

20 

0.0 

X 

X 

x 

21 

0.0 

X 

X 

X 

22 

-0.48309006 

X  X 

X 

23 

0.0 

X  X 

X  X 

24 

-0.29548739 

X  X 

X 

X 

25 

0.0 

X  X 

X 

26 

0.0 

X  X 

X 

X 

27 

0.0 

X  X 

X 

X 

28 

0.0 

X 

X 

29 

118.01099 

X 

X  X 

30 

0.0 

x 

X 

X 

31 

-83.691243 

A 

X 

32 

0.0 

K 

X  X 

33 

-5.8215625 

X 

X 

X 

34 

9. 3710246 

X 

X 

35 

0.0 

X 

X  X 

36 

0. 39998398 

* 

X 

X 

37 

-725  38749 

X 

38 

-1  1  7.32628 

X 

X 

39 

3.4598770 

X 

X 

40 

58.689010 

X 

41 

36.498087 

X 

X 

42 

-0.58720109 

X 

X 

43 

0.0 

X 

44 

-2. 7682574 

X 

X 

45 

0.0 

X 

X 
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Si CT ION  I! 
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analysis 


The  composite  dynamic  cushioning  functions  for  the  f tha  4  ♦  Minicel 
material  combination  are  given  in  Tables  13  through  lb  for  drop  heights  of 
1?,  18,  34,  and  30  inches,  .espectl vel y  Table  17  presents  the  f-statistic 
values  for  the  various  experimental  conditions  It  is  noted  that  the  devel¬ 
oped  functions  are  statistically  .ignifuant  for  all  experimental  conditions 
except  one 

Table  18  presents  the  devel  >ped  general  wdel  for  the  i  tha  4  ♦  Minicel 
material  combination  The  m  lei  (insist,  >*  constant  f err  and  IS  independ¬ 
ent  variables  The  ont  liner  u  m  m*  g  .  ter  designer  may  substitute  the 
l nde;'end«*r *  var'itle  value-  clirectlv  intr  the  model  given  in  Table  1H.  It 
is  necessary  t  adjust  'erpratgre  utilizing  and  ■  psi  (100) 

in  the  provide1  model 

Seven ’y  t*.  1 1  f  r  er«*n  t  rt-ir,  pic  4  dr  ;  height,  t  e  pe  rat  ure  ,  and 
cushion  thickness  »<*n>  evaluate*.  Ten  n*  these  c  intonations  could  not 
achieve  the  riteria  established  f  r  model  validation  (  t  10  and  minimum 
IDCC  G- level  value  bounded  by  ♦  1  psi  )  However ,  it  is  noted  that  in  two 
of  the  ten  cases,  only  one  stati  .tress  value  was  outside  of  the  prediction 
limit  range.  Thr.  stati  stress  vilue  is  at  the  lower  end  of  the  experimental 
test  scale  It  would  be  a  rare  instance  in  which  such  a  low  static  stress 
level  would  be  encountered  in  a  cu  hioninj  system  design  Consequently, 
these  two  cases  are  not  considered  to  be  of  a  significant  nature  with  reqard 
to  validation  of  the  i tha  4  ♦  Minicel  composite  model  The  remaining 
eight  cases  were  very  close  to  the  prediction  limit  range. 


r^j 


Table  13.  Composite  dynamic  cushioning 
functions  for  I,’  drop  height 
for  [ tha  4  ♦  M i n  u  e 1 . 


thickness 


r  ♦  v 


TEMPERATURE 


-65s 

-205 

20* 

70* 

no5 

1605 


DESIGN  CURVE  EQUATION 


31 1 ,?K 
26 1. 21 
?8? . 55 
238  24 
199. 33 
141. 54 


95.23 
76.97 
94.  70 
89.90 
78.  C  7 
56.25 


tnx  ♦ 
inx  ♦ 
tnx  ♦ 
inx  ♦ 
inx  ♦ 
!nx  ♦ 


7.70 

6.0? 

8.45 
9.17 
8.  37 

6.46 


( .nx) 
( inx) 
(  inx) 
(inx) 
( tnx) 
( tnx) 


♦  2" 


-655 

y 

■ 

3  IS.  68 

-111.83 

i  nx 

4 

9.68 

(tnx)5 

-205 

y 

• 

; 36. 44 

-  74.93 

f  nx 

4 

6.23 

(inx)5 

on3 

20 

y 

a 

215.49 

-  70.53 

in* 

4 

6.06 

(inx)1 

70J 

i 

a 

1  88  94 

-  68.  16 

in* 

4 

6.49 

(inx)5 

110* 

y 

a 

1 36. 30 

-  49  35 

inx 

4 

4  87 

(inx)5 

160s 

y 

a 

108.48 

-  40. 73 

inx 

4 

4  23 

(inx)5 

3"  ♦  3 


-655 

y 

* 

270.50 

-  86.49 

inx 

4 

7.15 

( -’nx) 

-205 

y 

a 

.’50.  39 

-  82.81 

»“nx 

4 

7.10 

(tnx) 

20s 

1 

a 

229.  .36 

-  79.19 

in  x 

4 

7.09 

Unx) 

7  cr 

y 

a 

1  37  26 

-  46  35 

inx 

4 

4  13 

( ;nx) 

11 0* 

y 

a 

100.64 

-  34  04 

f  nx 

4 

3.09 

(inx) 

16  o5 

y 

a 

100.  30 

-  37.94 

inx 

4 

3.86 

( inx) 

i] 
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Table  14. 


Composite  dynamic  cushioning 
functions  for  18"  drop  heicjht 
for  L  tha  4  ♦  Mini  cel . 


THICKNESS 

TEMPERATURE 

DES 

IGN  CURVE 

EQUAT 

ION 

-65s 

/ 

.  374.21 

-  120.53 

Cnx  ♦ 

104  75( Cnx ) 7 

-20s 

y 

.  3^0.09 

-  1 33.92 

Cnx  ♦ 

12. 33( tnx ) 

i"  ♦  r 

20° 

y 

.  327.99 

-  115.54 

Cnx  ♦ 

11 ,09( Cnx)1 

70’ 

y 

,  324.23 

-  132. 78 

in*  ♦ 

14 . 74 ( £nx ) 7 

no5 

y 

«  245. 72 

-  1 02 . 30 

Cnx  ♦ 

11.93(tnx)J 

1603 

y 

.  183.8ft 

-  79.53 

Cnx  ♦ 

10. 06( Cnx) ! 

-65’ 

y 

.  376. 9ft 

-  126. 33 

?nx  ♦ 

1 1 . 04' Cnx)7 

-205 

y 

.  270.48 

-  87.56 

tnx  ♦ 

7. 50 ( Cnx) J 

2"  ♦  2“ 

20s 

y 

.  268.26 

-  92.43 

CnX  ♦ 

8 . 40( Cnx ) 7 

709 

y 

«  219.23 

-  80.78 

Cnx  ♦ 

7.97(C nx)7 

no’ 

y 

*  153.14 

-  56.56 

Cnx  + 

5. 79(£nx)J 

160’ 

y 

*  1 1 3.59 

-  42.47 

Cnx  ♦ 

4.57U™)3 

-65’ 

y 

-  337  34 

-115.48 

fnx  ♦ 

10. 26 ( Cnx)1 

-20° 

y 

*  305 .41 

-104.22 

Cnx  ♦ 

9.21  (Cnx)1 

J"  ♦  3" 

20s 

y 

.  253.29 

-  ftfl . 40 

Cnx  ♦ 

8.04 (inx)7 

70s 

y 

,191 . 70 

.  69  45 

Cnx  ♦ 

6.61  (Cnx)7 

no3 

y 

.  1 24  39 

-  43.89 

fnx  ♦ 

4.21 (Cnx)7 

1603 

y 

-116  35 

-  44.28 

Cnx  ♦ 

4.59 (fnx)7 

MOTE:  *  -  100  * 
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Table  15.  Composite  dynamic  cushioning 
functions  for  24"  drop  height 
for  Etha  4  ♦  Minlcel . 


THICKNESS 

TEMPERATURE 

— 

DESIGN  CURVE 

EQUA' 

’ION 

-65’ 

y 

•490. 73 

- 

172.37 

in* 

♦ 

16.35 

(in*)2 

-20* 

y 

•  435.28 

- 

157.66 

in* 

15.63 

(in*)2 

1"  ♦  1" 

20s 

y 

•  372.94 

- 

138.67 

in* 

♦ 

14.19 

( in*)2 

KH 

y 

•  399.90 

- 

1 75.73 

in* 

♦ 

20.82 

(in*)2 

y 

•  320.73 

- 

143.50 

in* 

♦ 

17.  74 

(in*)2 

y 

•231  .16 

- 

106.89 

In* 

♦ 

14.44 

(in*)2 

-65 5 

y 

•  311.02 

- 

96.83 

in* 

♦ 

8.03 

(in*)2 

-205 

y 

•  322.48 

- 

106.88 

in* 

♦ 

9.37 

(tnx)2 

2“  ♦  2" 

205 

y 

.331.32 

- 

118.82 

Cnx 

♦ 

11.20 

(tnx)2 

70s 

y 

,245.98 

- 

93.98 

in* 

4- 

9.68 

(tnx)2 

no8 

y 

•172.96 

- 

65.91 

in* 

♦ 

7.00 

(tnx)2 

1603 

y 

•  140.05 

- 

56.15 

Lnx 

♦ 

6.48 

(tnx)2 

-65’ 

y 

•  32  7 . 50 

- 

107.49 

in* 

♦ 

9.22 

(tnx)2 

-204 

y 

•  325.42 

- 

111.11 

in* 

♦ 

9.86 

( tnx)2 

3”  ♦  3“ 

20s 

y 

•  295.43 

- 

104.22 

in* 

4 

9.57 

(tnx)2 

70s 

y 

•  189.83 

- 

68.26 

tnx 

♦ 

6.57 

( tnx)2 

no4 

y 

•  149.64 

- 

54.64 

in* 

4 

5.44 

(tnx)2 

1605 

y 

•  112.26 

- 

42.47 

in* 

♦ 

4.53 

( tnx) 2 

MOTE:  *  -  100  * 
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Table  16.  Composite  dynamic  cushioning 
functions  for  30"  drop  height 
for  Etha  4  ♦  Minicel . 


THICKNESS 


TEMPERATURE 


2"  ♦  2" 


3"  ♦  3' 


DESIGN  CURVE 

EQUATION 

y 

•  480.70 

- 

173.55 

Cnx 

♦ 

17.25 

(Cnx)2 

y 

-453.8? 

- 

170.29 

Cnx 

♦ 

17.73 

(Cnx)2 

y 

•  487.77 

- 

193.83 

tnx 

♦ 

20.85 

(Cnx)2 

y 

•  478.79 

- 

223.0? 

Cnx 

♦ 

27.81 

(cnx)2 

y 

•  350.1  7 

* 

163.80 

tnx 

♦ 

21.35 

( Cnx ): 

y 

•  296.52 

- 

145.74 

tnx 

♦ 

20.38 

(Cnx)2 

y 

•445.32 

- 

152.15 

Cnx 

♦ 

13.66 

(tnx)2 

y 

.371.88 

- 

126.48 

£nx 

11.42 

( Cnx)2 

y 

•  390.69 

- 

142.86 

Cnx 

♦137.10  (Cnx)2 

y 

•258.87 

- 

101.87 

Cnx 

♦ 

10.92 

(Cnx)2 

y 

•  192.71 

- 

76.01 

Cnx 

♦ 

8.47 

( Cnx)2 

y 

•159.21 

- 

66.14 

Cnx 

♦ 

7.97 

(tnx)2 

y 

-  342.15 

- 

110.90 

tnx 

♦ 

9.44 

(tnx)2 

1  y 

•  345.59 

- 

117. 33 

tnx 

♦ 

10.39 

( Cnx)2 

y 

•  315.88 

- 

113.57 

Cnx 

♦ 

10.66 

(Cnx)2 

y 

•234.83 

- 

87.47 

Cnx 

♦ 

8.67 

(tnx)2 

y 

•159.45 

- 

59.62 

Cnx 

♦ 

6.14 

(Cnx)2 

y 

•129.67 

- 

50.85 

Cnx 

♦ 

5.63 

(Cnx)2 

NOTE:  * 


Table  17.  Quadratic  polynomial  regression 

F-statistics  for  Etha  4  ♦  Minicel. 


Critical  '  3  °i  0ut1ier  t  -  1  -66 


TEMPERATURE  (’F) 

THICKNESS 

Orop  rte'ght 

12“ 

— 

'  3” 

4  •• 

30" 

i-  ♦  r 

5 .  20 

22.49 

9.47 

7.08 

-653 

2"  ♦  2" 

15.35 

11.92 

10.48 

6.  71 

r  ♦  3M 

5.67 

8.27 

30.  76 

25.18 

r  ♦  r 

1.4?* 

11.50 

6.33 

-20 3 

2"  ♦  2“ 

17.24 

B.’.'.'V: 

6.64 

9.31 

3"  *  3" 

21. 6$ 

7.  35 

12.86 

1“  *  1- 

45.67 

17.77 

10.22 

22.55 

20* 

2"  ♦  2" 

15.93 

1 

7.91 

11  49 

3"  *  3“ 

13.60 

Dfl 

6.47 

4.73 

r  *  i" 

36.89 

51.66 

12.  73 

12.99 

70* 

2"  ♦  2“ 

7.52 

12.60 

26.55 

21 .  34 

3"  ♦  3“ 

16.98 

5. 76 

13. 19 

14.33 

r  ♦  i- 

21.65 

10.40 

9.62 

3.70 

no* 

2-  *  2" 

25  58 

103.72 

31  .03 

13.80 

3"  *  3" 

8.49 

23.16 

72.00 

97.95 

1“  ♦  I" 

23.  79 

8.43 

5.70 

T  60 9 

2“  ♦  2“ 

32.54 

46.87 

1 

16.82 

3*  ♦  3“ 

25.57 

22.97 

Kb 

28.94 

*  Not  Significant  at  i  ■  0.10 
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Table  18.  t  tha  4  ♦  Mimcel  Composite  Model. 


Variable 

Coefficient 

•• 

ii* 

9  * 

h'» 

t-5 

T*hl 

( tn  a 

iL 

Unas)2 

0 

338.6H941 

! 

1 

0.0 

X 

X 

2 

0.0 

* 

X 

X 

3 

0.0 

X 

X 

X 

4 

0.0 

X 

X 

X 

5 

0.0 

X 

X 

X 

X 

6 

0.0 

X 

X 

X 

X 

7 

32.61439? 

X 

x 

X 

! 

8 

-5.0961467 

X 

X 

X 

X 

9 

0.0 

X 

X 

X 

X 

10 

0.0 

X 

1 

X 

1 1 

0.0 

X 

1 

X 

X 

12 

0.0 

X 

X 

X 

13 

0.0 

X 

X 

X 

14 

-3.6993450 

x 

.X 

X 

X 

15 

0  6  34  381  76 

* 

X 

X 

X 

16 

-4  3129470 

* 

X 

X 

17 

0.58519131 

x 

X 

X 

X 

18 

0.0 

X 

X 

X 

19 

0.0 

X 

X 

20 

0.0 

x 

X 

X 

21 

0.0 

X 

X 

X 

22 

0.85493419 

X 

X 

X 

23 

0.0 

X 

X 

* 

X 

24 

0.0 

X 

X 

X 

X 

25 

0.0 

X 

X 

X 

26 

0.0 

X 

X 

X 

x 

27 

0.0 

X 

X 

X 

X 

28 

0.0 

X 

X 

29 

0.0 

X 

X 

X 

30 

0.0 

x 

X 

X 

31 

0.0 

X 

X 

32 

10.660799 

X 

X 

X 

33 

-1  .823653? 

X 

X 

X 

34 

-2.459774? 

X 

X 

35 

0.0 

X 

X 

X 

36 

0.0 

X 

X 

X 

37 

0.0 

X 

38 

53.449983 

X 

X 

39 

3.  1497049 

X 

X 

40 

-8.814394? 

X 

41 

8.6115005 

X 

* 

42 

0.0 

X 

X 

43 

0.0 

X 

44 

0.0 

X 

X 

45 

-0.078832109 

X 

X 
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ANALYSIS 


The  composite  dynamic  cushioning  functions  for  the  Hinicel  ♦  Etha  4 
material  combination  are  given  in  Tables  19  through  22  for  drop  heights  of 
12,  18,  24,  and  30  inches,  respectively.  Table  23  presents  the  F-statistic 
values  for  the  various  experimental  conditions.  It  is  noted  that  the  devel¬ 
oped  functions  are  statistically  significant  for  all  experimental  conditions 
except  two.  One  of  these  remaining  two  equations  is  very  close  to  the  cri¬ 
tical  value  of  F.  Hence,  a  slight  relaxation  of  the  a  level  would  cause  this 
equation  to  be  significant. 

Table  24  presents  the  developed  general  model  for  the  Minicel  ♦  Etha  4 
material  combination.  The  model  consists  of  a  constant  term  and  IS  independ¬ 
ent  variables.  The  container  cushioning  system  designer  may  substitute  the 
independent  variable  values  directly  into  the  model  given  in  Table  24.  It  is 
necessary  to  adjust  temperature  utilizing  ft  =  ant*  °s  *  ps’  (^0) 

in  the  provided  model. 

Seventy-two  different  combinations  of  drop  height,  temperature,  and 
cushion  thickness  were  evaluated.  Ten  of  these  combinations  could  not  achieve 
the  criteria  established  for  model  validation  (a  =  .10  and  minimum  IDCC 
G-level  value  bounded  by  ♦  1.0  psi.).  However,  it  is  noted  that  In  two  of 
the  ten  cases,  only  one  static  stress  value  was  outside  of  the  prediction 
limit  range.  This  static  stress  value  is  at  the  lower  end  of  the  experimental 
test  scale.  It  would  be  a  rare  Instance  in  which  such  a  low  static  stress 
level  would  be  encountered  in  a  cushioning  system  design.  Consequently,  these 
two  cases  are  not  considered  to  be  of  a  significant  nature  with  regard  to 
validation  of  the  Minicel  ♦  Etha  4  composite  model.  The  remaining  eight  cases 
were  very  close  to  the  prediction  limit  range. 


Table  19. 


Composite  dynamic  cushioning 
functions  for  1?"  drop  height 
for  Minicel  ♦  Etha  4. 


THICKNESS 

TEMPERATURE 

DESIGN  CURVE 

EQUA' 

'ION 

-65’ 

y 

a 

332.53 

- 

101 .48 

inx 

■f 

8.  19 

( ihx): 

-20* 

y 

a 

286.99 

- 

88.61 

inx 

♦ 

7.  30 

( enx): 

P  ♦  P 

20* 

y 

a 

296.18 

* 

98.82 

inx 

4 

8.86 

(fnx)2 

70s 

y 

a 

213.86 

- 

79.95 

inx 

♦ 

8.37 

(fnx)1 

110° 

y 

a 

169. 75 

- 

64.94 

inx 

4- 

7.71 

(fnx)2 

160* 

y 

a 

1 31 .85 

- 

50. 38 

fnx 

♦ 

5.99 

( Cnx ) 2 

-65* 

y 

a 

302.59 

- 

93.65 

inx 

4 

7.53 

(fnx)1 

-20’ 

Y 

a 

239. ) 3 

- 

73.21 

fnx 

4 

5.85 

( fnx)1 

2 -  ♦  2" 

20* 

y 

a 

208.03 

- 

66  30 

rnx 

♦ 

5.69 

(inx)’ 

70* 

y 

a 

133.85 

- 

47.84 

fnx 

♦ 

3.78 

( fnx) 2 

1 10* 

y 

a 

124  89 

- 

4  3 . 66 

fnx 

♦ 

4.74 

( £  n  x ) : 

160* 

y 

a 

93.  74 

- 

31 .80 

fnx 

♦ 

3.16 

( fnx) : 

mam 

-65* 

y 

a 

246. 72 

- 

71.67 

i  n  x 

4* 

5.27 

(fnx)2 

■ ■ 

-20* 

y 

a 

262.40 

- 

80.45 

fnx 

4 

6.58 

(fnx): 

20* 

y 

a 

724  77 

- 

75.92 

fnx 

4 

6.63 

(fnx)2 

mu 

70* 

y 

a 

158.63 

- 

65.98 

inx 

4* 

5.21 

(inx)2 

110* 

y 

» 

112.14 

- 

39.10 

fnx 

♦ 

3.71 

( inx)2 

H 

160* 

y 

• 

105  91 

- 

39.19 

fnx 

♦ 

3.93 

(fnx) 2 

NOTE:  x  -  UK)  * 
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Table  20.  Composite  dynamic  cushioning 
functions  for  18"  drop  height 
for  Minicel  ♦  Etha  4. 


THICKNESS 

TEMPERATURE 

DESIGN  CURVE 

EQUATION 

-65° 

y 

■ 

442.57 

- 

147.09 

£nx 

♦ 

13.09 

( tnx  )2 

-20° 

y 

a 

347.67 

- 

114.29 

tnx 

♦  10.28 

( tnx)2 

1"  ♦  1" 

20’ 

y 

a 

302.2? 

- 

103.51 

tnx 

♦ 

9.94 

( tnx)2 

70s 

y 

a 

301.35 

- 

126.18 

{nx 

♦ 

14.74 

( tnx)2 

110s 

y 

a 

240.00 

- 

100.60 

tnx 

12.23 

(tnx)2 

160s 

y 

a 

192.R9 

- 

84.29 

tnx 

♦ 

11.25 

(tnx)2 

-65s 

y 

a 

344.61 

- 

1 1 0 . 30 

{.nx 

♦ 

9.27 

(tnx)2 

-20° 

y 

a 

283.58 

- 

90.70 

tnx 

4* 

7.66 

( tnx)2 

2“  ♦  2" 

20s 

y 

a 

235. 36 

- 

76.27 

tnx 

♦ 

6.63 

(tnx)2 

70s 

y 

a 

203.5? 

- 

73.91 

tnx 

4- 

7.31 

(tnx)2 

1 10° 

y 

a 

153.45 

- 

56.17 

tnx 

♦ 

5.80 

( tnx)2 

160® 

y 

a 

113.50 

- 

40.67 

tnx 

♦ 

4.40 

( tnx)2 

-65s 

y 

a 

297.52 

- 

91.43 

tnx 

7.21 

( tnx ) 2 

-20s 

y 

a 

295.16 

- 

96.95 

tnx 

♦ 

8.2? 

(tnx)2 

3-  ♦  3" 

20s 

y 

a 

227.24 

- 

75.  35 

tnx 

♦ 

6.54 

(tnx)2 

70s 

y 

a 

150.33 

- 

51  .  78 

tnx 

♦ 

4.81 

( tnx)2 

110s 

y 

a 

133.25 

- 

48.44 

tnx 

♦ 

4.82 

( tnx)2 

16Cf 

y 

a 

103.07 

- 

37.09 

tnx 

♦ 

3.8? 

(tnx)2 

Table  .1.  ConipoMtt-  <1  yn.r  ic  (ushioninq 
t  u'h  Tin,'.  *  r  '.  '  dr  ;  he  i  (jht 
'  r  *■*’»>  i  i  » *  1  »  •  t  ’  i  4  . 


THICKNESS  TEMPERATURE 


17  nx  *  19 . 1 3  (  in*) 

l.’t,.08  nx  ♦  1  ? .  09  (  £nx) 

1 .  •*.  ?5  ■  nx  *  12.90  (  nx) 
1 1  ■ .  in*  *  ?(• .  f>t>  .  nx  ) 

11*.  inx  ♦  1  ’  46  ,  nx 


2  ’  ♦  ?’ 


16.’  96 

-  116.19 

.  nx 

♦ 

9.88 

.  n  x ) 

?91 . 75 

-  91.83 

in  k 

♦ 

7.7? 

( <  nx ) 

*«  •»  ) 

-  96 . 98 

•  nx 

♦ 

8.68 

(■nx) 

?21.7? 

-  8.  .54 

•  n  x 

♦ 

8.63 

n  x ' 

)  * 

-  7.  .09 

■  n  x 

♦ 

7.76 

; :  n  x ) 

ISl.Ub 

-  69.19 

in* 

- 

6.89 

(in*) 

3"  ♦  3 


NOTE:  x  .  100  « 


1.  4 .  96  -  101 .68 

n  x  * 

8.23 

inx ) 

?84 . 4.’  -  94  17 

.  nx  ♦ 

8.13 

( *nx) 

.’90,16  -  9b.  96 

■  nx  * 

8.  75 

(fnx) 

187  .’l  -  6H.43 

nx  ♦ 

6.  75 

( inx) 

149.68  -  66. ?6 

nx  * 

5.85 

(■'nx) 

1,1.8?-  46.13 

f nx  * 

4.9? 

(in*) 

Table  22.  Composite  dynamic  cushioning 
functions  for  .10"  drop  height 
for  Mini  cel  +  Etha  4. 


THICKNESS 

TEMPERATURE 

DES 

IGN  CURVE 

EQUATION 

-65  3 

y 

3 

543.41 

-  191.73 

nx  +18.62 

(  inx) 2 

-20 3 

y 

a 

470.97 

-  174.53 

Cnx  +18.12 

( Cnx)2 

1"  ♦  1" 

205 

:/ 

3 

434.20 

-  170.20 

{.nx  +18.  75 

(Cnx)2 

703 

y 

3 

4  38.  36 

-  201 .18 

>  nx  +25.77 

{ Cnx ) : 

no5 

y 

a 

341.69 

-  163.44 

j nx  ♦ 22. 66 

( Cnx  )2 

160: 

y 

a 

337.99 

-  1  73. 79 

f  nx  +25.72 

(Cnx)1 

-65 3 

y 

a 

350.68 

-  108.95 

Cnx  ♦  9.06 

( Cnx) : 

-20s 

y 

a 

341 .  15 

.  110.84 

Cnx  +  9.66 

(Cnx) 2 

2"  ♦  2" 

20s 

y 

a 

308.84 

-  106.37 

■  n  x  ♦  9.91 

(Cnx)2 

705 

y 

a 

262.95 

-  102.63 

r.n  x  +11.11 

(  Cnx)2 

1 105 

y 

a 

215.99 

-  86.54 

•'  n  x  +  9.84 

( Cnx)2 

160s 

y 

a 

189. 30 

-  78.73 

{nx  ♦  9.60 

( Cnx)2 

-65s 

y 

a 

344.20 

-  109. 78 

f  nx  +  9.11 

(Cnx)2 

-20s 

y 

3 

318.53 

-  105.82 

.‘nx  ♦  9. 18 

(Cnx)2 

3"  ♦  3" 

2CT 

y 

a 

300.33 

-107.32 

.'nx  +10.04 

(Cnx)2  j 

70s 

y 

a 

194.55 

-  72.65 

fnx  ♦  7.43 

(Cnx)2 

110s 

y 

a 

1 84 . 02 

-  71.29 

Cnx  ♦  7.58 

( Cnx)2 

160s 

y 

a 

137.21 

-  52.97 

Cnx  +  5.92 

(Cnx)2 

[Ml 


Table  2  3.  Quadra  tn  polynomial  regression 

F-statistirs  For  Minitpl  ♦  Lthd  4. 

F  ,  3 . 0 ;  Out  1 irr  t  1.66 

c ri  1 1 c d  1 


'E*4PF!lA'r'.»£  ,!r 


■  'i  :kness 


>15  "eignt 


i  ?• 


-66s 


1" 

r 

r 


7 .  R6 

■ 


r:; 


i  -.1 


■  • 

9. 13 


i  ■■ 


9.  39 
17.26 


82.37 

16 
13. 86 


9  99 
16  16 

11.?? 

1 

6  68 
1  7.  30 


If  .63 
7.89 


4  ■  • 

19  66 

61.70 


(  4 

S.  71 
6.68 

11.19 
8.  76 
13.?? 


9.47 
1?.  48 

9.84 


31  .  77 
66.  R? 
16.93 


14.  19 

7.20 

16.?? 


18.03 
8.09 
9. 36 


36.  76 
1?.  36 
6.86 


36.30 

144.79 

18.44 


TO5 


27.69 
34.9  7 

1  4  64 


4  .98 
6  3 . 64 
?9  69 


?1 .  66 
28.87 
19.  36 


9.89 
37.74 
3R.  16 


16C! 


17.06 

6.69 

16.04 


9. 36 
??  73 
1  ?  .  1  4 


11.78 

38.0? 

23.09 


7.02 

30.40 

32.93 


Not  Significant  j*.  i  >  0.10 


Table  24.  Ml  me  el  ♦  Ithj  4  Composite  Model 


loanable 

Coefficient  ■? 

5s 

o 

r-h  (tn  •  ) 
s 

( *.n 

0 

495.97272 

% 

1 

0.0  * 

X 

1 

L 

0.0  * 

X 

* 

3 

* 

X 

X 

4 

30.352322  * 

X 

X 

5 

0.0  * 

X 

X  X 

6 

0.0  * 

X 

X 

X 

7 

7.2316497  * 

X 

X 

8 

0.0  * 

X 

X 

X 

9 

0.0  * 

* 

X 

X 

10 

0.0  x 

X 

11 

X 

X 

X 

12 

0.0  I  X 

X 

X 

13 

0.0  x 

n 

X 

14 

-  3.80979  34  « 

X  X 

15 

0.0  x 

X 

X 

16 

0.0  x 

* 

X 

17 

0.0  x 

* 

X 

X 

18 

0.0  « 

X 

X 

19 

0.0 

X 

X 

20 

0.0 

X 

X 

X 

21 

0.0 

X 

* 

22 

0.0 

X  X 

X 

23 

0.0 

X  X 

X  X 

24 

0. 11994912 

X  X 

X 

K 

25 

0.0 

X  X 

X 

26 

-0.055827933 

X  X 

X 

X 

27 

0.0 

X  X 

X 

X 

28 

-88.869467  . 

X 

29 

X 

x  x 

3G 

X 

* 

X 

31 

X 

X 

32 

1 1 . 080006  « 

X  X 

33 

0.0  « 

X 

X 

34 

0.0 

X 

X 

35 

0.0 

X 

X  ,  X 

36 

-0. 34449941 

X 

X 

X 

37 

X 

38 

•63.710830  x 

X 

39 

1.4256175  x 

X 

40 

-19.209793  x 

41 

10.554163  x 

* 

42 

0.68592748  x 

X 

43 

0.97094918 

X 

44 

0.0 

X 

* 

45 

-0. 14904712 

X 

1 

* 

1*) 


SECTION  m 

DON  POLYETHYLENE  FOAM/DOW  POLYETHYLENE  FOAM 
Do**  Etha  2  { ?  •  /  f  t .  ')/  Dow  E  tha  4(4#/ft.’) 


to 


ANALYSIS 


The  composite  dynamic  cushioning  functions  for  the  Etha  2  ♦  Etha  4 
materia)  combination  are  given  in  Tables  25  through  28  for  drop  heights  of 
12,  18,  24,  and  30  inches,  respectively.  Table  29  presents  the  F-statistic 
values  for  the  various  experimental  conditions.  It  is  noted  that  the  devel¬ 
oped  functions  are  statistical ly  significant  for  all  experimental  conditions 
except  three. 

Table  30  presents  the  developed  general  model  for  the  Etha  2  ♦  Etha  4 
material  cont-i nat ion .  The  model  consists  of  a  constant  term  and  20  independ¬ 
ent  variables.  The  container  cushioning  system  designer  may  substitute  the 
independent  variable  values  directly  into  the  model  given  in  Table  30.  It 

or  ^  460 

is  necessary  to  adjust  temperature  utilizing  >•  •  -  and  •  »  psi  (100) 

in  the  provided  model. 

Seventy-two  different  combinations  of  drop  heiqht,  temperature,  and 
cushion  thickness  were  evaluated.  One  of  these  combinations  could  not  achieve 
the  criteria  established  for  model  validation  (i  »  .10  and  minimum  IDCC 
G-level  value  bounded  by  ♦  1.0  psi  ).  However,  it  is  noted  that  the  predicted 
model  values  for  this  case  are  very  close  to  the  acceptable  prediction 
limits.  Consequently,  this  case  is  not  considered  to  be  of  a  significant 
nature  with  regard  to  validation  of  the  Etha  2  ♦  Etha  4  composite  model. 
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Table  25.  Composite  dynamic  cushioning 
functions  for  12"  drop  height 
for  Etha  2  ♦  Etha  4 


THICKNESS 

TEMPERATURE 

DESIGN  CURVE 

EQUATION 

-659 

y 

a 

336.28 

- 

101.44 

tnx 

♦ 

8.07 

( tnx)2 

-20s 

y 

a 

282.84 

- 

85.42 

tnx 

♦ 

6.93 

(tnx)2 

1"  ♦  r 

20s 

y 

a 

241.38 

- 

76.55 

tnx 

♦ 

6.62 

(tnx)2 

70° 

y 

a 

249.41 

- 

96.36 

tnx 

♦ 

10.10 

( tnx  )2 

110s 

y 

a 

209.50 

- 

83.67 

tnx 

♦ 

9. 18 

( tnx)2 

1605 

y 

a 

143.77 

- 

61 . 38 

tnx 

♦ 

7.25 

(tnx)2 

-65s 

y 

a 

339.55 

- 

103.58 

tnx 

♦ 

8.14 

( tnx)2 

-20s 

y 

a 

267.42 

- 

81.48 

tnx 

♦ 

6.44 

(tnx)1 

2"  ♦  2“ 

20s 

y 

a 

226. 16 

- 

71.37 

tnx 

♦ 

5.89 

(tnx)2 

70s 

y 

a 

1  74 . 36 

- 

61.20 

tnx 

♦ 

5.71 

( tnx); 

110s 

y 

a 

133.38 

- 

4  7.09 

Lnx 

♦ 

4.54 

(tnx)2 

160s 

y 

a 

112.15 

- 

42.17 

tnx 

♦ 

4.37 

(tnx) 2 

-65s 

y 

a 

305.85 

- 

85.80 

tnx 

♦ 

6.08 

(tnx)2 

-20s 

y 

a 

263.06 

- 

73.92 

tnx 

♦ 

5.23 

(tnx)2 

3*  ♦  3" 

20s 

y 

a 

242.13 

- 

74.13 

tnx 

♦ 

5.82 

(tnx)2 

70s 

y 

a 

164. 78 

- 

55.  14 

tnx 

♦ 

4.84 

(tnx)2 

110* 

y 

a 

146.10 

- 

51  .49 

tnx 

♦ 

4.77 

(tnx)2 

160 ' 

y 

a 

107.05 

- 

39.54 

tnx 

♦ 

3.90 

( tnx) 2 

NOTE:  x  •  100  x 
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Tjble  27.  Composite  Iv'i.i  1  cushioning 
functions  for  ?4  drop  height 
tor  i  Th.i  .  *  { thj  4 


H IChNCSS  I  TEMPf RA i Uh[ 


♦  r 


DFS 

I6N  ORVE 

£QUA~ 

o 

i?2. 66 

-  14?. 36 

«'  nx 

♦ 

1 3. ?6  (  inx ) 

\  '  • 

-  140.99 

*  n  x 

♦ 

13.76  [Inx.) 

:  6.99 

-  164. 87 

•  nx 

♦ 

16  18  ( inx } 

399 . 66 

-  179.01 

•  nx 

♦ 

21. 5?  ( ;nx) 

3?  3.  77 

-  148.84 

« n  x 

♦ 

18.90  ( ."nx 

794.  33 

-  146.41 

■  n  x 

♦ 

19.73  (  ■  nx) 

3-  ♦ 


•>  4  ..) 

-  106.96 

n  x 

♦ 

8.04  (inx) 

139. n9 

-  104.16 

inx 

4- 

8.26  (inx) 

297 . 66 

-  96.63 

inx 

♦ 

8.  16  (inx) 

214.78 

-  76.84 

inx 

♦ 

7.30  ( inx) 

190.00 

-  71.58 

iflX 

♦ 

72?  ( inx) 

143.81 

-  56  80 

inx 

♦ 

6.14  ( inx) 

4  16  87 

-  129.6? 

.*  nx 

4 

10.84  (inx) 

I4f  <4 

.  111.23 

i  nx 

9.39  ( inx) 

116.  16 

.  107. 79 

.‘nx 

♦ 

9.76  (inx) 

248.29 

-  96  01 

inx 

♦ 

9. 98  (inx) 

196.84 

-  78.99 

<*n  x 

♦ 

8.77  (inx) 

168.4 

-  71.83 

inx 

4 

8.  49  ( i.nx ) 

Table  28.  Composite  dynamic  cushioning 
functions  for  30"  drop  height 
for  E  tha  2  ♦  F tha  4 


THICKNESS 

TEMPERATURE 

DESIGN  CURVE 

EQUA7 

ION 

-65a 

y 

a 

488.93 

- 

170.93 

»:nx 

■4 

16.53  (tnx)2 

-20’ 

y 

a 

457 . 34 

- 

167.03 

>nx 

♦ 

17.2?  (tnx)2 

1"  r 

205 

y 

a 

452. 31 

- 

178. 77 

<  nx 

19.41  { inx): 

70s 

y 

8 

SOO. 1 7 

- 

236. 14 

tnx 

♦ 

29.51  (tnx)2 

no5 

y 

a 

4)9.90 

- 

205. 3.3 

xnx 

♦ 

26.96  { tnx  ) : 

| 

1605 

y 

a 

379.09 

- 

196.65 

iru 

♦ 

27  41  (:.nx)- 

-6SJ 

y 

8 

403.18 

- 

129.32 

tnx 

♦ 

10.96  ( f nx ) 2 

-20s 

y 

8 

3S2.D7 

- 

1)3. 37 

f  nx 

♦* 

9. 73  (f nx)2 

2“  ♦  2“ 

20* 

y 

8 

363.28 

- 

128.60 

i.nx 

♦ 

12.05  ( f nx) 2 

70’ 

y 

a 

274.91 

- 

109.76 

tnx 

♦ 

11 .86  (tnx)2 

1 10s 

y 

8 

2.34.88 

- 

99.  36 

l nx 

♦ 

11  46  (tnx)2 

1603 

y 

a 

203.49 

- 

91  .  35 

l  nx 

11.26  (.nx)2 

-65: 

y 

8 

4S1  73 

- 

141.29 

i  nx 

17.42  ( Tnx ) 2 

-20s 

y 

8 

36S.21 

- 

1 1 3 . 00 

tnx 

♦ 

9.09  (tnx)2 

3"  ♦  3“ 

20s 

y 

8 

297.S5 

- 

96.63 

•  nx 

♦ 

8.15  (tnx)2 

70s 

y 

8 

245.41 

- 

91.0? 

'nx 

♦ 

8.96  (tnx)2 

110s 

y 

8 

209. 72 

- 

81.37 

*  nx 

♦ 

8.50  (tnx)2  | 

160* 

y 

8 

167.53 

- 

68.54 

tnx 

♦ 

7.64  (tnx) 2 

NOTE:  x  •  100  * 
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Table  29.  Quadratic  polynomial  regression 
F-statistics  for  1  tha  .  ♦  Etha  4. 


( 


mt  ica  1 


3.0  ,  Outlier 


1.66 


’EMPERA’L’PE  Jr) 

THICKNESS 

'  rco  H 

ei  gn  * 

12" 

^  4 
w  ♦ 

i"  t  r 

1.2  9 

29.44 

9 .  b6 

7.34 

-653 

2"  ♦  2" 

4  13 

25 .  1  3 

35  42 

24.38 

3"  ♦  3“ 

2  58* 

60* 

3.91 

28.64 

i“  ♦  r 

3.01 

8.02 

5.  35 

4  42 

-20 3 

2”  ♦ 

3.96 

9.  74 

|  16.33 

20.56 

3“  *  3" 

0  99* 

6.46 

23.44 

8.64 

r  ♦  r 

5  89 

6.57 

6.74 

6.21 

">05 

2"  ♦2“ 

8.42 

40. 34 

44.09  j 

46.19 

3”  *  3" 

5.  10 

19.98 

10  16 

10.16 

i-  »  r 

12.02 

8.97 

6.68 

>.ii 

70! 

->  •«  4  ^  * 

28.96 

36.99 

19.  37 

9.39 

3"  *  3" 

33.52 

32.97 

1 

31.32 

26.27 

1  '  *  1  ' 

26.39 

10.  30 

6.90 

5.21 

no3 

•)  rt  ^  H 

«.  c 

18.57 

26. 39 

11.64 

12.15 

3“  *  3" 

33.08 

30.37 

51.42 

54.03 

1-  *  1- 

6  91 

5.96 

3.00 

3.  70 

160’ 

2"  ♦  2" 

12.92 

13.69 

10.68 

4.72 

3"  *  3" 

12.46 

23.  14 

21.35 

16.59 

No  t  Significant  at  i  ■  0.10 


4? 


i  Jtih*  30.  i  th.i  2  *  !  ttia 


Var-aDle  Coefficient 


0 

101 . H4 1 26 

1 

-99. 352813 

2 

21 . 354231 

3 

0.0 

• 

4 

0.0 

5 

1.44  17391 

6 

0.0 

7 

15.056152 

8 

-5.16  2315 

9 

0.38916001 

10 

0.0 

11 

0.0 

12 

-0. 33239932 

13 

4  3514820 

14 

0.0 

15 

0.0 

16 

0.0 

17 

0.0 

18 

0.0 

19 

0.0 

20 

0.22  30  3619 

21 

0.0 

22 

0.0 

23 

-0.69521806 

24 

0.  11  j5'i4  70 

25 

0.0 

26 

0.0 

•7  7 

L  / 

0.0 

28 

0.0 

29 

0.0 

30 

0.0 

31 

0.0 

32 

0.0 

33 

0.0 

34 

0.0 

35 

1.  3420541 

36 

-0. 306721 12 

37 

291  23260 

38 

-58.921 384 

39 

0.0 

40 

-71  524129 

41 

8.5114836 

42 

0.97569838 

43 

4.1622124 

44 

0.0 

45 

-0. 14793199 

4  3 


OOW  POLYLTHYUNI  FOAM /DOW  POl.YLTHYLi  NE  FOAM 
Dow  Ltha  4 ( 4 * / f t . ’ ) / Dow  ttha  2(2#/ft. ') 
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ANALYSIS 


The  composite  dynamic  cushioning  turn  tions  for  the  [tha  *1  ♦  L  tha  2  materia) 
comoination  are  given  in  Tables  31  through  34  for  drop  heights  of  1?,  )H,  24,  and 
30  inches,  respectively.  Table  3b  presents  the  F-statistic  values  for  the  various 
exper tmenta 1  conditions.  It  is  noted  that  the  developed  functions  are  s la t  is t i cal ly 

significant  for  all  experimental  condition1  except  three.  One  f  the  remaining 
three  equations  is  very  close  t  the  critical  value  of  F  Hence,  a  'light  rela* 
ltion  of  tne  i  level  would  <  ause  this  equatl  n  t  be  significant 

Table  3b  presents  the  developed  general  model  for  the  It  ha  4  *  t  tha  .  'catena' 
ombination.  The  model  consists  of  a  constant  term  and  20  independent  variable.. 

Tne  container  cushioning  system  designer  mav  .ubstitute  the  independent  variable 
values  directly  into  the  node  1  ;  i ven  ’ n  Table  lb  It  is  necessary  t  ■  adjust 
temperature  utilizing  ^  ,  *f  1  and  p-.i  (100)  in  the  provided  model 

Sevent*  -  two  different  corbin.it  ions  f  dr  g>  height,  tempera  turr  .  and  i  .,  ’  . 

thickness  were  evaluated.  Fivp  of  these  ■  onbinat  ions  could  ■*  achieve  the  ••! 
teria  established  for  model  validation  ;  i  10  and  minimum  I  OCT.  -level  value 
bounded  hv  *  1.0  psi  ).  However,  it  is  noted  that  in  one1  ot  the  five  a  »  .  •  ' 
one  static  stress  value  was  outside  of  the  prediction  limit  range.  This  stat’ 
stress  valie  is  at  the-  lower  end  *  the  experimental  test  scale.  it  would  tie  a  rar< 
instar,  e  in  which  such  a  low  statu  stress  level  would  be  encountered  in  a  c ush  u. 
inq  system  design.  Consequently,  this  as<  is  not  considered  to  be  of  a  siqnit 
cant  nature  with  regard  to  validation  of  the  1 tha  4  •  [tha  2  composite  model.  The 
remaining  four  cases  were  very  close  in  the  developed  prediction  limits. 


fs# 


Table  34.  Compos i te  dynamic  cushioning 
functions  for  30'  drop  height 
for  Etha  4  ♦  i tha  2 


THICKNESS 


TEWERA’URE 


DESIGN  CURVE  EQUATION 


-65’ 

-2C: 

205 

70’J 

110c 

T60: 


y 

y 

y 

y 

y 

y 


573.66 

.  211.22 

in  * 

♦ 

21.01  (  inx ) ;  I 

4  71  54 

-  176.72 

inx 

♦ 

18. 18  ( inx  :  ; 

449  6  7 

-18 

i  nx 

♦ 

19.90  (  inx)2 

4h1  .  13 

-  231.70 

inx 

♦ 

29*27  tnx)J 

447.09 

-  224.05 

in* 

♦ 

29.44  inx ): 

357.76 

-  184  25 

In* 

♦ 

25  73  .  ..nx)2 

-65s 

~2C 

2D8 

70: 

110; 

160° 


*  452  50 
.  372.30 
.  366  11 
«  264.R0 
.  2S0.4R 
.  199.46 


148.65 
122.30 
1  32 . 04 
107.  19 
10R.H1 
<30 .  sr. 


inx  ♦ 
In*  ♦ 
In*  ♦ 
inx  ♦ 
inx  ♦ 
inx  ♦ 


12.79 

10.59 

12.53 

11.64 

12.63 

11.20 


in*) 

(In*) 
(in*) 
in* ) 
'.  >‘  nx) 

in* 


3"  ♦  3" 


-65 
-2IT 
20s 
70 8 

no 6 

16  o4 


y  *442.63 

y  r  357. 75 
y  .351.99 

y  *  222.12 

y  •  209 . 89 

y  .  144  4  3 


1  36 . 5  3 
111.20 
120.56 
81.92 
R3. 15 
59.  94 


inx  ♦ 
inx  * 
Inx  * 
inx  ♦ 
inx  ♦ 
Inx  ♦ 


10. R3 
8.95 
10.  70 
8.05 
8.  75 
6.8? 


Inx ) 
;  in*' 

,  (nx 
( inx) 
(inx) 
( in*) 


NOTE.  *  •  100* 


Table  3b  Quadratic  polynomial  regression 
F -statistics  tor  Ctha  4  ♦  ttha  ?. 

\  30.  Outlier  t  1.66 

c  r  1 1 1 .  a  1 


•  Net  Significant  it  i  ■ 


O.’O 


SO 


i.’>  It?  Jt>  ill  J  4 


t  •  ■  i  .  ti=  i  :<•  ‘loiie  1 


CONCLUSIONS 


The  material  contained  in  this  report  describes  the  development  of 
composite  cushioning  models  tor  egual  thuknesse'  of; 

1.  4*/tt.'  polyester  type  polyurethane  (Urester  4)  combined  with 
?#/ ft.  cross-linked  polyethylene  Miniiel). 

2.  4  #  /  f  t .  '  lineai  polyethylene  ( t  th.i  4/  combined  with  ?»/tt.  ross- 
1  inked  polyethylene  (Mi n i  el 

3.  2*/f  t.’  linear  polyethylene  (Lfh.i  .’)  omtined  with  4#/ft.'  linear 
polyethylene  (Itha  4} 

These  three  material  combinations  r* •suit  in  six  cushioning  models,  since  each 
material  combination  may  b<-  utilized  in  two  configurations,  bottom  and  top. 

The  si«  models  have  been  stati  ti  ally  validated  and  are  available  for 
use  or  the  nt>  9H1SA  desktop  aliula’  r,  i  on  a  FORTRAN  language  computer. 

Although  all  s i »  composite  model  •  have  .  implemented.  <  aut ion  •  ust  be 

exercised  when  utilising  the  (  roster  4  .  vjnn  el  composite  node)  Considerable 
difficulty  was  experienced  in  the  dev  lopaent  of  this  model  which  sugqests  the 
existence  of  a  natural  phenomena  which  ha  nor  been  previously  enrountered. 

This  is  perhaps  explained  through  the  phy  ical  characteristics  of  the  two 
Cushioning  material'  involved  '•»  >  ter  4  is  much  softer  than  Minicel,  and 
apparently  auses  the  natural  .  ’  •  rrna  when  ’he  Mimcol  material  is  1  a  ted 
next  to  the  item  to  be  prate  ted.  >nd  the  Ure  tor  4  material  impart'  the 
rigfd  surface  first. 

The  remaining  fwr  com;  >it.  -»>de|'  perform,  as  expected,  and  can  be 
utilized  in  cushioning  appli  itions  -tth  the  imr  confidence  as  the  single 


material  models 
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